Williams syndrome is a genetic disorder associated with cardiac pathology, including supravalvular aortic stenosis and coronary artery stenosis. Sudden cardiac death has been reported in the perioperative period and attributed to cardiovascular pathology. In this retrospective audit, case note and anaesthetic records were reviewed for all confirmed Williams syndrome patients who had received an anaesthetic in our institution between July 1974 and November 2009. There were a total of 108 anaesthetics administered in 29 patients. Twelve of the anaesthetics (11.1%) were associated with cardiac complications including cardiac arrest in two cases (1.85%). Of the two cardiac arrests, one patient died within the first 24 hours postanaesthetic and the other patient survived, giving an overall mortality of 0.9% (3.4%). We conclude that Williams syndrome confers a significant anaesthetic risk, which should be recognised and considered by clinicians planning procedures requiring general anaesthesia.
Williams syndrome was first described in 1961 by Williams, Barratt-Boyes and Lowe and is characterised by a deletion of approximately 1.5 megabases of chromosome 7q11.23 1, 2 . This deletion includes the elastin gene, leading to vascular and connective tissue pathology 1, 3 . Individuals affected by Williams syndrome have a characteristic facies as well as multi-system pathology, which may involve the cardiovascular, renal, endocrine and central nervous systems.
Elastin arteriopathy may affect any artery, but best described are peripheral pulmonary artery stenosis and supravalvular aortic stenosis, sometimes associated with coronary artery stenosis 3 . These lesions may result in cardiac hypertrophy, cardiac failure and ischaemia 3 .
The cardiac pathology of Williams syndrome may have great significance for the safe conduct of anaesthesia. Many cases of sudden death have been reported, most of which have been attributed to cardiovascular pathology [3] [4] [5] [6] . Of relevance to anaesthesia providers is the clear temporal relationship with general anaesthesia or sedation and cardiac complications in a high proportion of cases 4 , and the concern that resuscitation has been generally unsuccessful 7 . Currently there is no published information regarding the rate of cardiac complications or cardiac arrest under anaesthesia or how best to identify patients at risk.
We aimed to perform a retrospective audit of all Williams syndrome patients presenting for anaesthesia in our institution over a 35-year period, to determine the rate of cardiac complications and the cardiac pathophysiology in this cohort of patients.
METHODS
Ethics committee approval was obtained from the Children, Youth and Women's Health Service Human Research Ethics Committee (IRB Approval: 304A, December 10 2008). Informed consent was not required by the Committee. We identified all patients with Williams syndrome who had had at least one general anaesthetic at the Women's and Children's Hospital by interrogation of databases held by the Departments of Cardiology and Genetics and crossreferencing with the South Australian Birth Defects Register and the High-Risk Anaesthesia database.
All confirmed Williams syndrome patients who had received anaesthetics between July 1974 and November 2009 in our institution were included (confirmation was defined as diagnosis by a geneticist based on phenotypical features plus or minus genetic testing). Case notes were reviewed by a single investigator who analysed all anaesthetic charts and recorded data on a standardised abstraction form. For each anaesthetic, patient age, gender and type of surgical procedure were noted. The most recent electrocardiogram, echocardiography and cardiac catheterisation results were recorded. Induction and maintenance drugs, airway management and the incidence, timing and details of any cardiac complication were also noted.
Cardiac complications were defined as bradycardia, hypotension, hypertension, arrhythmias, acute electrocardiogram changes and any haemodynamic event necessitating intervention. Bradycardia was defined further by age group (Table 1) 8 .
Hypotension and hypertension were defined as greater than 20% change from the preoperative baseline. Cardiac arrest was defined as any haemodynamic event requiring chest compressions.
RESULTS
A total of 32 patients, with a provisional diagnosis of Williams syndrome, who had had at least one anaesthetic administered were identified. Three patients were excluded as their genotype or phenotype was deemed inconsistent with a diagnosis of Williams syndrome. Therefore, 29 patients were analysed. A total of 108 anaesthetics had been administered in these 29 patients.
The patients ranged in age from 1 month to 20 years at the time of anaesthesia. Patient age, gender and surgical procedure for the 108 anaesthetics are shown in Table 2 . This table also documents the presence or absence of supravalvular aortic stenosis, left ventricular hypertrophy, right ventricular hypertrophy, right ventricular outflow tract obstruction, pulmonary valvular stenosis or pulmonary artery stenosis or an abnormality compromising coronary perfusion at any time in the 29 included patients.
Twelve of the 108 anaesthetics (11.1%) had cardiac complications, including cardiac arrest in two cases (1.85%). These 12 anaesthetics involved eight patients, with two patients having two separate anaesthetics with cardiac complications and one patient having three. In 27.5% of patients there was a cardiac complication in at least one anaesthetic and 6.9% of patients experienced a cardiac arrest. Of the two cardiac arrests, one patient died within the first 24 hours postanaesthetic and the other patient survived, giving an overall mortality of 0.9% (3.4% of patients). The age, procedure, cardiac diagnosis (known at the time of anaesthesia) and anaesthetic details for each of the anaesthetics with cardiac complications is shown in Table 3 .
DISCUSSION
In this review of 108 anaesthetics for patients with Williams syndrome, we found a perioperative mortality of 0.9%, with a cardiac arrest rate of 1.85%. The rate of all cardiac complications was high (11.1%), with the most common complications being bradycardia or hypotension or both. Other authors have commented on the low rate of successful resuscitation in patients with Williams syndrome and specifically the lack of response to conventional cardiac arrest protocols 7 . In our series two patients had a cardiac arrest, both were managed conventionally, and one survived .
In data published on a Williams syndrome website 9 , Nicholson and coworkers reported a retrospective chart review identifying 26 patients with cardiac pathology who underwent 60 anaesthetics over a 13year period. There was a single bradycardic arrest on emergence in an 18-month-old, giving a cardiac arrest rate of 1.7%, which is almost identical to ours. That patient was successfully resuscitated and made a full recovery 9 .
It would be useful to be able to predict the likelihood of anaesthesia-related complications for a given patient. In our retrospective analysis we noted that 100% of patients who experienced perianaesthetic haemodynamic complications had supravalvular aortic stenosis, 25% had right ventricular outflow tract obstruction and 25% had abnormalities compromising coronary perfusion. All of these anomalies occurred with a higher frequency than in the patients who did not have complications ( Table 2 ). The rates of cardiovascular abnormalities in our patient population were similar to a recent series of patients with Williams syndrome 10 , although there is substantial variation in the literature.
Previous authors have also identified certain features of Williams syndrome as being associated There have been at least 20 intraoperative cardiac arrests or sudden deaths in children with Williams syndrome reported in the literature 4-7,10-14 . However, in three cases the timing of death and relationship with anaesthesia was unclear 11, 12 , in three cases the cardiac pathology at the time of cardiac arrest was not reported 4, 10, 15 , and in one case the cause of death was probably anaphylaxis 7 . There remain thirteen cases with adequate information and data on these cases along with those of our two cardiac arrests are summarised in Table 4 . All patients except for two had either severe outflow tract obstruction or abnormal coronary perfusion or both. This would be useful for clinicians if not for the fact that in most cases, including the child who died in our series, the abnormal coronary perfusion was not recognised until after death 4, 11, 13 . Also, perioperative deaths have occurred where the preoperative echocardiography demonstrated seemingly minor abnormality 5, 13 . In the opinion of the authors this makes it impossible to designate any patient with Williams syndrome 'lowrisk' for anaesthesia or sedation.
A further interesting observation of the available case reports is that all of the children were aged less than six years at the time of cardiac arrest. Amongst the 12 cardiovascular complications in our series it was the youngest two patients who had a cardiac arrest and the next youngest who had a brief episode of asystole. Young age might therefore possibly be considered a risk factor for serious complications in patients with Williams syndrome.
The anaesthetics were not standardised in the present series and the available information is insufficient to give precise recommendations about the best mode of treatment. Nevertheless, when examining the patients who experienced cardiac complications in this present series as well as the case reports in the literature, there are several apparent themes and issues. Overwhelmingly, the commonest antecedent to cardiac arrest under anaesthesia or sedation in patients with Williams syndrome seems to be hypotension and bradycardia [3] [4] [5] [6] [7] 13 and it is probable that patients with Williams syndrome have a propensity for developing bradycardia. As coronary perfusion abnormalities are well known in Williams syndrome, bradycardia may reflect underlying myocardial ischaemia. Alternatively, bradycardia may sufficiently alter the balance of perfusion and performance to induce ischaemia. Three patients in our series were intubated when deeply anaesthetised with volatile anaesthetic and became bradycardic. Another patient in our series experienced bradycardia on two separate inductions. The first induction was achieved with halothane and suxamethonium. Bradycardia is a known side-effect of suxamethonium, particularly when combined with halothane. On the second induction, fentanyl and atracurium were given, presumably to lower the amount of volatile anaesthetic required for intubation, but bradycardia still occurred. Post mortem findings in Williams syndrome patients who died under anaesthesia frequently include abnormalities of the coronary arteries, often in association with evidence of subendocardial infarction 4, 11 . More particularly, similar cases of cardiac arrest or death have also been reported in association with structurally normal coronary vessels, but with an abnormal aortic valve leaflet occluding the coronary ostia 4, 6, 10, 11, 13 . Coronary artery hypoperfusion alone, however, does not appear to adequately explain sudden death in Williams syndrome. Cases of sudden cardiac arrest and death, including those occurring under anaesthesia, have occurred in the absence of significant coronary stenosis or evidence of previous myocardial ischaemia 4, 5, 7, 12, 14 .
The question therefore arises as to how best investigate these children prior to elective surgery. Clinical symptoms are clearly not a sensitive indicator and echocardiography can miss important features that might predispose to a high risk of mortality under anaesthesia. Cardiac catheterisation confers both anaesthetic and procedural risks and a normal study does not guarantee low risk for future anaesthesia. Cardiac multi-resonance imaging may be a valid alternative to catheterisation, but may require anaesthesia in this patient population.
Our study has several limitations. Firstly, the 
